A total of 293 dairy products purchased from local markets were examined to determine the incidence of and characterize Bacillus cereus. Isolations were made on mannitol-egg yolk-polymyxin B agar medium and confirmed by several staining and biochemical tests. B. cereus occurred in 17% of fermented milks, 52% of ice creams, 35% of soft ice creams, 2% of pasteurized milks and pasteurized fruit-or nut-flavored reconstituted milks, and 29% of milk powders, mostly in fruit-or nut-flavored milk mixes. The average population of B. cereus in these dairy products was 15 to 280 CFU/ml or CFU/g (range, 5 to 800). The characteristics of these B. cereus isolates in terms of heat resistance, biochemical reactions, and antibiotic susceptibility were similar to previously reported data except for a higher utilization of sucrose. Some isolates were especially resistant to carbenicillin, nalidixic acid, streptomycin, and tetracycline. The MICs for the isolates were also determined. All of the tested isolates lysed rabbit erythrocytes; 98% showed verotoxicity, 68% showed cytotonic toxicity for CHO cells, and 3 of 11 selected isolates that showed strong hemolysin activity killed adult mice.
Bacillus cereus is a widely distributed bacterium, having been isolated from rice, spices, meat, and egg and dairy products (13) . Food poisoning caused by B. cereus is mostly associated with the consumption of rice products (3, 16) . B. cereus is recognized as causing diarrheal and emetic types of food-poisoning outbreaks (13) . B. cereus has a high incidence in dairy products (7) . As reported by Ahmed et al. (1) , 9% of raw milk, 35% of pasteurized milk, 14% of cheese, and 48% of ice cream samples were contaminated with B. cereus; conversely, no fermented milk was found to be contaminated. However, food-poisoning outbreaks caused by the contamination of dairy products by B. cereus are rare (13) . Nevertheless, the growth of B. cereus significantly spoils the quality of dairy products, causing sweet curdling and "bitty" cream (7) . To estimate the role of a microorganism as a food contaminant and pathogen in dairy products, one must know the incidence, growth, germination, and toxin production of that microorganism in these products. Although B. cereus has been frequently isolated from dairy products, its role as a food pathogen in these products has not been well studied.
In recent years, the consumption of dairy products has increased rapidly in Taiwan, and high quality is demanded by consumers. Fermented milk, soft ice cream, fruit-or nut-flavored milk mixes, and pasteurized fruit-or nut-flavored reconstituted milk in addition to other conventional milk powders and ice cream have also large markets in Taiwan. Since some of these items may not be popular in Western societies, we systematically studied the B. cereus problem in dairy products in Taiwan to estimate the significance of this organism as a food pathogen in these products. This paper reports the incidence of B. cereus in various dairy products purchased from local markets and the characteristics of the B. cereus organisms isolated in terms of heat resistance, biochemical reactions, antibiotic susceptibility, and toxigenicity. with the instructions of the antibiotic disk supplier (Difco). The MICs of some selected resistant isolates were also determined by the agar dilution method (22) . Hemolysin assay. Blood agar plates were prepared by adding 5 ml of defibrinated rabbit blood to 100 ml of basal medium (11), inoculated with the B. cereus isolates, and incubated at 30°C for 48 h. The dimensions of the blood lysis halo zones were measured.
Mouse lethal-toxin test. Fresh B. cereus cultures were inoculated separately into 20 ml of brain heart infusion broth (Difco) in 250-ml Erlenmeyer flasks and cultured at 35°C for 10 h in a shaking incubator set at 280 rpm. The culture filtrates subjected to the mouse lethal-toxin test and animal cell culture assays were prepared by filtering the culture broth through a 0.2-p.m-pore membrane filter (Millipore Corp.) (21) . These culture filtrates (0.5 ml) were separately injected into the caudal veins of four adult ICR mice. Death within 30 min was considered to be a positive response (19) (20) (21) (Table 4) .
Biochemical characteristics. The biochemical characteristics of the isolates were determined and compared with those described in the Bacteriological Analytical manual (10) and with those reported for isolates from rice by Chung and Sun (5). The results were similar in all cases, except for a few tests. Hydrolysis of starch was lower than with isolates from rice samples; however, utilization of sucrose was higher (Table 5) .
Antibiotic susceptibility of B. cereus isolates. The isolates were highly resistant to penicillins and susceptible to chloramphenicol, erythromycin, gentamicin, kanamycin, nalidixic acid, streptomycin, and sulfamethoxazole-trimethoprim (Table 6 ). Some isolates were especially resistant to carbenicillin, nalidixic acid, streptomycin, and tetracycline; the MICs were 256, 256, 256, and 32 ,ug/ml, respectively. Toxigenicity of B. cereus isolates. The results of toxigenicity assays are summarized in Table 7 . All of the 183 isolates tested showed weak to strong hemolysin activity. Of 11 isolates having strong hemolysin activity, 3 killed adult ICR mice. Although other isolates did not kill the mice, they significantly lowered the physical activity of the tested animals. A total of 50 isolates were tested in animal cell culture assays. Ninety-eight percent of the isolates had verotoxin activity, while 68% had cytotonic toxin activity. The two clinical isolates, B. cereus F837 and F4433, also killed adult mice and showed positive reactions for hemolysin, verotoxin, and cytotonic toxin.
DISCUSSION
B. cereus is becoming an important food-poisoning organism because of its cosmopolitan distribution in nature. Its presence in dairy products may be traced back to the environment or mastitic bovine sources (7) . B. cereus could be transmitted to other foods when the contaminated dairy products are used as constituents in the processing of these foods. This study also revealed a high incidence of B. cereus in dairy products. B. cereus organisms were isolated from 29, 17, 52, 35, 2, and 2% of milk powder, fermented milk, ice cream, soft ice cream, pasteurized milk, and pasteurized fruit-or nut-flavored reconstituted milk samples, respectively. Since the incidence of B. cereus in whole-fat milk and nonfat milk powders was low, the high incidence of B. cereus in fruit-or nut-flavored milk mixes may be due to the carry-over of flavoring or coloring additives. The incidence of B. cereus in pasteurized milk was much lower than that reported in the United States (1); this may be due to the overpasteurization generally practiced by the local manufacturers.
Various organic acids, peroxides, and antibacterial agents are produced by lactic acid bacteria during fermentation (15, 17) , so it is reasonable to find much less B. cereus in fermented milk. Ahmed et al. (1) reported no contamination in fermented milk. However, 4 of 24 of our fermented milk samples were contaminated with B. cereus; this may also be carry-over in the form of endospore contamination from additives.
Contamination of ice cream and soft ice cream with B. cereus was higher in summer than in other seasons. The incidence in ice cream was similar to that reported by Ahmed et al. (1) . B. cereus may be present in higher proportions in the raw materials or may have a considerably higher growth rate during the manufacturing process in summer than in other seasons. In addition, the display cabinets for ice cream or soft ice cream machines may be more contaminated by B. cereus in summer. Soft ice creams are sold at stations all over the city, and semiprocessed materials are transported to these stations and processed into final products. The sanitary conditions of these stations are generally below standard; however, B. cereus organisms were isolated from only 10% of the swabs from outlets of soft ice cream machines (unpublished data).
The heat resistance of B. cereus isolated from dairy products was similar to that reported previously (5, 14) ; D95ac values ranged from 1.2 to 36.0 min, with a z value of 9.2°C (14) . The Dloo1c of the isolates determined in this study ranged from 2.0 to 5.4 min. The heat resistance of these isolates did not seem to be related to their origin. However, the abilities of these isolates to use starch and sucrose were different from the abilities of isolates which originated from rice (5). Natural selection of B. cereus by the substrates may have occurred.
There are only a few papers reporting on the drug resistance of B. cereus (2, 5, 13) . It is highly susceptible to nisin, aureomycin, dehydrostreptomycin, terramycin, bacitracin, oxytetracycline, chloramphenicol, and gentamicin and slightly susceptible to neuromycin, cloxacillin, ampicillin, and penicillin (13) . In this study, the B. cereus isolates were highly susceptible to chloramphenicol, erythromycin, gentamicin, kanamycin, and nalidixic acid; the isolates also were susceptible to streptomycin and sulfamethoxazole-trimethoprim. Isolates especially resistant to carbenicillin, streptomycin, and tetracycline were identified. Certain B. cereus isolates may acquire these drug resistance phenotypes, as antibiotics are frequently used in animal feeds and in chemotherapy. Penicillin, tetracycline, chloramphenicol, streptomycin, and erythromycin have been used frequently in Taiwan and are occasionally detected in local meat products (12) . As shown by Bernhard et al. (2) , the tetracycline resistance of B. cereus is associated with a plasmid which could be transformed and maintained in B. subtilis. The drug resistance patterns determined in this study were different from those of isolates originating from rice (5).
Although B. cereus has been isolated from a wide range of food products, these isolates have not been well characterized, especially in terms of toxigenicity. A number of methods have been used to assay toxin production by B. cereus, for example, rabbit ileal loop ligation (19) , vascular permeability (9) , and animal tissue cultures (21) . The suckling mouse assay is a convenient method for detecting enterotoxin and is valid for examining enteropathogenic Escherichia coli and some other food-poisoning microorganisms (8) . However, all B. cereus isolates and reference strains reacted negatively in this assay (data not shown). Hemolysin, mouse lethal-toxin, verotoxin, and cytotonic toxin assay methods were valid for examining the toxigenicity of B.
cereus. An assay with a CHO cell culture conveniently demonstrated the cytotonic toxin-producing activity of B. cereus. Diarrheal toxin and emetic toxin are produced by B. cereus (13) . The emetic toxin production of the isolates was not characterized in this study.
The incidence of contamination of dairy products by B. cereus is fairly high. Almost all of the isolates used in this study showed hemolysin and cytotoxic toxin activities. Enterotoxin activity may have been characteristic of at least 68% of the isolates, so it is clear from this study that the risk of food poisoning caused by B. cereus in dairy products should not be neglected.
